Online Methods

Housing and genotyping of
(forward, specific to the wild-type allele), 5′-GTCCCTGGATTGCTTAGTCTTA-3′ (forward, specific to the mutant allele), and 5′-GTTGGCTTGCTTGTGTATATATG-3′ (reverse).
Characterisation of mutation in Col3a1
m1Lsmi/+ mice Genomic DNA was extracted from EDTA-anticoagulated whole blood samples (collected from the inferior vena cava of mice sacrificed by CO 2 ) using Chemagic Magnetic Separation Module I (Chemagen, Perkin Elmer, Waltham, MA, USA) according to the manufacturer's instructions. Whole-genome sequencing (WGS) was performed on a HiSeq X Ten system (Illumina, San Diego, CA, USA) at 30× using 1 μg genomic DNA, TruSeq DNA PCR-free sample preparation kit for 350-bp insert size (Illumina, San Diego, CA, USA), and 2× 150 bp paired-end sequencing according to the manufacturer's instructions. Resulting raw reads were aligned to GRCm38/mm10 (downloaded from the UCSC Genome Browser; genome.ucsc.edu) using Isaac Aligner v01. 15 .02.08. 1 The alignment was displayed in the Integrative Genomics Viewer (IGV; software.broadinstitute.org/software/igv).
Based on WGS data, long-range PCR was performed to confirm and characterise the detected structural variation using primers flanking the identified breakpoints (LR primer F 5'-CCACTCCGTGATAGTTCTACAGTGAC-3', LR primer R 5'-ACCAGGCTGACCAGGAAGAC-3'). The resulting 3.7-kb (mutant allele) and 4.0-kb (wild-type allele) products were sequenced by long-read sequencing using the Nanopore Sequencing technology (1D² Sequencing Kit (R9.5), MinION SpotON Flow Cell (R9.5), Oxford Nanopore, Oxford Science Park, UK) according to the manufacturer's recommendations. The resulting raw reads were aligned to the expected sequences of the wild-type and mutant alleles using BWA-MEM. 2 Fibroblasts of aortic and skin biopsies of Col3a1 m1Lsmi/+ and Col3a1 +/+ were cultured and collected for total RNA extraction using the RNeasy mini kit (Qiagen, Hilden, Germany) as described. 3 Reverse transcription (RT)-PCR by means of the Qiagen OneStep RT-PCR kit (Qiagen, Hilden, Germany) and subsequent Sanger sequencing were performed as described previously 3 using cDNA specific primers in Col3a1 exons 29/30 (RT primer F 5'-CTGGAGGCAAGGGTGATTCT-3') and exon 41 (RT primer R 5'-GGCTCCTGGTTTTCCACTTTC-3').
Treatment details
4-week-old Col3a1
m1Lsmi/+ mice underwent treatment with doxycycline (n = 16; 3802.PX.F12 mouse/rat diet supplemented with 800 mg/kg doxycycline, 4 Kliba Nafag, Kaiseraugst, Switzerland), celiprolol (n = 10; drinking water supplemented with 670 mg/l Selectol®, 5 PFIZER PHARMA PFE GmbH, Zurich, Switzerland), or losartan (n = 10; drinking water supplemented with 600 mg/l losartan Actavis®, 6 Mepha Pharma AG, Basel, Switzerland).
Mice were weighed at the beginning and at the end of each treatment. Littermates were used for untreated control groups of Col3a1 +/+ and Col3a1 m1Lsmi/+ mice, receiving normal drinking water or the corresponding control diet (3802.PX.F12 mouse/rat diet, Kliba Nafag, Kaiseraugst, Switzerland). All treatments were conducted for 4 weeks and in the case of losartan, additionally for 8 weeks (n = 10; drinking water supplemented with 600 mg/l losartan HTC Axapharm®, Axapharm AG, Zug, Switzerland). Number of premature deaths and aortic rings damaged are overviewed (Supplementary material online, Tables S4 and S5).
For calculation of the effective dose, mouse weight was averaged to 20 g for the treatment duration. Based on literature 7 and our own experience, intake of ~2.5 g food and ~6 ml of drinking water per mouse and day was used to calculate effective dosages of ~100 mg/kg doxycycline (in food), ~200 mg/kg celiprolol (in water) or ~180 mg/kg losartan (in water) per day. Comparable weight gain for untreated control and treated mice confirmed normal food and water intake of treated animals (Supplementary material online, Tables S8 and S9).
Transmission electron microscopy
Samples from the thoracic aorta and abdominal skin of two Col3a1 +/+ and two Col3a1 m1Lsmi/+ mice (each 17 weeks of age) were fixed over night with 2.5% glutaraldehyde in Nacacodylate buffer (0.1 M, pH 7.35), rinsed in Na-cacodylate buffer, and postfixed with 1% OsO4 in Na-cacodylate buffer for one hour on ice. Subsequently, samples were rinsed in sterile endotoxin-free water and en bloc stained with 1% aqueous uranyl acetate. Reichert-Jung Ultracut E (Leica Microsystems, Heerbrugg, Switzerland), stained with uranyl acetate and lead citrate, and examined under a FEI CM100 transmission electron microscope (FEI, Eindhoven, The Netherlands). In the images of the adventitia of the thoracic aorta of one wild-type and one heterozygous animal, a 2 µm × 2 µm area was arbitrarily chosen and therein fibrils were counted and measured for diameters using Fiji (Open Source) software (http://fiji.sc/Fiji).
Multiphoton microscopy
For three Col3a1
+/+ and three Col3a1 m1Lsmi/+ mice (each 11-45 weeks of age), the collagen microstructure of aortic tissue under stretching was investigated with a dedicated in situ experimental setup. 9, 10 Briefly, mounting pins were integrated on a custom-made stretching device, which was placed under a multiphoton microscope (Olympus Fluoview 1000 MPE).
The stretching device consisted of an actuator driven by a servo motor and two counterrotating spindles, allowing for a controlled and symmetrical displacement of the two pins at a stretching velocity of 0.02 µm/s. Imaging was performed on the sample submerged in saline solution (0.9% NaCl) with an immersion objective (LUMPLFLN 40× W, NA 0.8). Sections from the thoracic aorta were stained with a DNA-binding dye (Hoechst 3334210) before imaging with an excitation wavelength of 820 nm. The second harmonic generation (SHG) signal emitted by collagen was detected with a specific filter (Olympus FV10-MRROPT, BA397-412) separately from the fluorescence of the cell nuclei and elastin (BA455-490). 3D stacks were taken at unstretched configuration and at three stretching steps corresponding to a displacement (λ) of 1.9 mm, 2.6 mm, and 3.2 mm.
Microstructural parameters were quantified from microscopy images containing only SHG signal using custom scripts in Matlab (The MathWorks Inc., Natick, MA, USA). Collagen amount and density were quantified after converting greyscale images to black and white images with an adequate threshold of 0.1, so that white pixels represent collagen. Collagen amount was extracted by the computed white voxels. Density coefficient was defined as the fraction of white pixels to the total amount of pixels in the image and mean density coefficient was estimated by averaging the density coefficients over all images in the collagenous layer of the stack.
Staining of murine aorta and heart
Aorta and heart from an 18-week-old male Col3a1 +/+ were prepared and stained with yellow latex as described. 11 Briefly, after CO 2 -induced euthanasia, the abdominal and chest walls were removed and ~2 ml of yellow latex (Ward's Natural Science, Rochester, NY, USA)
were injected into the PBS-flushed left ventricle. Mice were then kept moist at 4°C for [3] [4] hours to enable setting of the latex. Subsequently, the mice were fixed overnight in 10% neutral buffered formalin (Fisher Scientific, Pittsburgh, PA, USA) and then stored in 70% ethanol. Finally, the heart and thoracic aorta were dissected out en bloc.
Rupture-force measurement
For cutting the aorta into 1.5-mm-long aortic rings a custom-made device consisting of two exchangeable razor blades separated by three spacers (0.5 mm each) was used (Supplementary material online, Figure S1A ). The aortic rings were mounted on two 200-μm-diameter stainless steel wires on an uniaxial tension device (Tissue Puller 560TP, Danish Myo Technology, Aarhus, Denmark) (Supplementary material online, Figure S1B ). The displacement of the two wires and the stretching force were recorded in the Myopull Software (Danish Myo Technology, Aarhus, Denmark). Our readout, the maximum tensile force, is the greatest force attained during pulling (Supplementary material online, Figure   S1C ).
Calculation of normalized relative forces
To compare treatments tested in experiments with different control groups ( Figure 4D (Het) mice calculated at unstretched configuration and at a displacement (λ) of 1.9 mm (Figure 2 ). Means and 95% confidence intervals (CI) are noted. Maximum tensile forces (mN) for 1.5-mm-long ring sections of the thoracic aorta (S1-S3) (Figure 3 ; Supplementary material online, Figure S5 (Het) controls as well as Het mice treated with losartan for 8 weeks. Neither the aorta of mice that died prematurely nor damaged aortic rings were measured. The sample size (n) is indicated. Figure S6 ). Data are means with 95% confidence intervals in parentheses. The sample size (n) is indicated. (Het) controls as well as Het mice treated with losartan for 8 weeks before and after the treatment. Data are means with 95% confidence intervals in parentheses. The sample size (n) is indicated. Blue arrows indicate the direction of the applied force, introducing circumferential stress to the aortic ring. The dashed white profiles exemplify the relative orientation of the heart and the aorta for section S1. (C) Example of an output curve of the Myopull Software. The x-axis shows the displacement of the two wires (5 μm/s displacement speed) and the y-axis the recorded force. The red dashed line indicates the maximum tensile force as read-out for the biomechanical integrity. Please note that this dry set-up serves only an illustrative purpose. Measurements were always performed in MOPS buffer tempered to 37°C to mimic physiological conditions, as described in the main method section, and in the buffer the aortic segment was centred. 
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